The chemical composition of the top, middle and bottom part of green jute plant (GJP) are not alike, thus the yield and strength properties of the pulp produced may vary if these are pulped separately. The alpha -cellulose content increases, whereas hemi-cellulose, lignin, ash and extractives decrease from top to bottom part of GJP. The Kraft pulp yield and strength properties increases (except tear) from top to bottom part of GJP. The pulp produced from GJP was found to undergo rapid beating in comparison to those of muli bamboo, jute cuttings. This indicates less energy requirement during refining operation of the GJP pulp. Low extractive (pectin) and high alpha-cellulose is favorable for pulping.
Introduction
Pulp from non-wood fibers plays an important role in balancing regional fiber deficits. Environmentalists claim that non-wood paper making is more sustainable and environmentally friendly than wood based paper production. Jute can be considered as a valuable and annually renewable source of pulp for the manufacture of paper, paperboard because it has a high cellulose and low lignin content in comparison to bamboo, baggage and tropical hardwood. It is comparatively inexpensive than bamboo. Due to scarcity of fibrous raw materials (FRM), the pulp and paper mills of Bangladesh Chemical Industries Corporation (BCIC) utilized green jute plant (GJP) as pulping raw materials from 1994 to1998. Storage of GJP is one of the problems faced after procurement. The heterogeneous characteristics of GJP have been the subject of many investigations. Continued research on the basic processes of conversion procedures and end uses have become imperative to give a clear picture of what is required of the pulp interns of chemical composition and physical state. The climatic condition of Bangladesh is favorable for jute growing. The matured jute plants are about 2.5 to 3.5 meter long and 1.5 to 2.0 cm in diameter. The plant has two distinct parts, an outer fibrous bark and inner stem, the later constituting about two-thirds of the plant. The diameter of the whole plant is not the same all along. The bottom part has broader diameter that gradually reduces toward to top.
It was reported (Bashiruzzaman et. al., 1964) that the chemical compositions of the three different parts of jute fiber (top, middle and bottom of the plant) are different. According to authors (Bashiruzzaman et. al., 1964 ) the lignin content and molecular weight of cellulose increases from top to bottom part whereas pentosans (hemi-cellulose) and extractives decreases i.e, reverse is the trend.
The degree of polymerization (DP) of the cellulose fraction should be high enough to give high viscosity (Ali et. al., 1988) . Lignin has been shown to restrict swelling and decreases the adhesion forces between the fiber because of its hydrophobic nature and its dominant location at the fiber surface (Rydholm SA, 1965) .
Materials and methods

Chemical analysis
The GJP was divided into three parts; top, middle and bottom. The average separation of 0.91 meter was termed as the top, 1.78 meter the middle and 0.61 meter the bottom. For chemical analysis, dusts were generated from each part separately and dust were then passed through a 40 mesh and retained on a 60 mesh sieve. Table I along with those for muli bamboo and baggase for the sake of comparison.
Raw materials preparation
The three different parts of the GJP were cut into small chips of 2.54 to 3.81 cm length manually by laboratory hand cutter separately. Average moisture content of each part in the chips was determined. Cooking chemical i.e, white liquor was collected from KPM recovery plant and tested in the laboratory whose composition is shown in Table II .
Pulping
The chips from different parts of GJP were cooked separately in the laboratory in a electrically heated stainless steel rotating autoclave digester having 10 liter capacity. Pulping experiments were carried out with 1 kg equivalent weight of oven dry chips. The same cooking parameters (shown in Table III ) were maintained in all experiments. At the end of cooking, the pressure inside the digester was released, the black liquor was drained off and the pulp was washed thoroughly with process water.
Yield
The washed pulp was disintegrated in the laboratory disintegrator machine and then screened out in the laboratory flat vibratory screen with 0.02 mm slots. The screened yield and rejects percentage on even dry chips were determined in each experiment which are shown in Table IV .
Permanganate number, alpha, beta and gamma cellulose of pulp
The potassium permanganate number of each pulp was determined. The pulps were then chemically analyzed for alpha, beta and gamma cellulose content following Tappi method (Tappi standards and Suggested Methods, 1970) . The results are shown in Table IV .
Strength properties
The pulps were beaten in the laboratory valley beater maintaining 1.57 percent consistency with constant load (5.5 kg). The SR (Schopper-Riegler) of the beaten pulp were determined and hand sheets were made in a Karl-Frank laboratory sheet making machine. The strength properties like burst tear and tensile at various SR (25, 40 and 45) was determined separately and the results obtained are depicted in Table V .
Solubility percentage of fibrous raw materials vs. beating time and strength properties
For the sake of comparison the beating time of GJP (CVI-1), unretted bast fibre, baggase, jute cutting and muli bamboo are shown in Table VI . The solubility % of 1% NaOH in the above species are also shown in Table VI .
Results and discussion
The different chemical composition found in the various parts of GJP reflects different physiological functions. The alpha-cellulose obtained from different parts of GJP and the (Tables IV and V) because of its maximum alpha-cellulose content (47.55 %, Table I ). In case of middle part, the value of alpha-cellulose is less than that of bottom part. Similarly the alpha-cellulose obtained in top part is minimum and hence the yield and strength properties are minimum. Papers obtained from bottom part and had high alpha-cellulose content or high quality fibre (Casey, 1966) . The degree of polymerization (DP) of the cellulose fraction of the bottom part should be high enough to give high strength. From the above discussions, it is clear that as the value of alpha-cellulose increases, the yield and strength properties also increases from top to bottom part of GJP.
The hemi-cellulose contents of the different parts of GJP are reverse of alpha-cellulose. As the hemi-cellulose (Mian, 1998) , decreases, the alpha-cellulose increases (Table I) from top to bottom part. Comparison of jute fibre with other natural fibres indicates that increase of cellulose means decrease of hemi-cellulose (Mian, 1998) . In course of experiments with different parts of GJP it is also found that the yield and strength properties decrease as the hemi-cellulose increases. Generally, the fibre bonding increases with the increase of the amount of hemi-cellulose material. The exceptional for decreasing the yield and strength properties in GJP may be explained as the oxidation and degradation reactions hit the hemi-cellulose more rapidly than cellulose (Rydholm, 1965) i.e, oxidation and degradation reaction decreases as proceed from top to bottom part of GJP. Another reason for decreasing the yield and strength properties is that the lignin and extractive content are higher in case of top part. Asaduzzaman et. al., 1983 , reported that the increase of both lignin and pectin content results in the deterioration of the quality of the fibres and the same trend was also observed in case Table I and Table V respectively. However exceptional bursting strength is observed in case of middle part which is less than both top and bottom part (Table IV) . The removal of substances such as hemi-cellulose, lignin and extractive during cooking are higher in case of top part and thus the lower yield and strength properties obtained (Tables I, IV and V) can be accounted for. It is also observed that untreated bust fibre and GJP have a high alkali solubility and the pulp beats rapidly (Alam et. al., 1991) whereas fibrous raw materials with a low solubility content (Alam et. al., 1997a (Alam et. al., & 1997b Shafi, 1994) beat with comparatively difficulties and form weak sheets (shown in Table  VI ). As the value of 1 % NaOH solubility increases, the degree of fungus decay increases and hence causes greater deterioration of untreated jute and GJP than those of jute cuttings and muli bamboo. 
Conclusion
The results of the present investigation can be summed up in the following brief statements.
The bottom part of GJP appears to be more acceptable as the pulping raw material. As the retting of this part is very poor and is heavily contaminate with scales. Jute from this part has little use in jute mills. The alpha-cellulose content increases whereas hemi-cellulose decreases from top to bottom part.
The higher alpha-cellulose content and lower hemi-cellulose, lignin and extractive contents of bottom part of GJP give better pulping and strength properties in comparison with the remaining parts of GJP. 
